An aerobic, Gram-stain-positive, oxidase-and catalase-positive, non-motile, non-spore-forming, coccoid, creamish-whitecoloured bacterium, designated strain R161 T , was isolated from soil in Hwaseong, South Korea. The cell-wall peptidoglycan contained glycine, glutamic acid, alanine, aspartic acid, serine and lysine, and whole-cell sugars were galactose, rhamnose, glucose and ribose. Strain R161
The family Dermacoccaceae was proposed by Stackebrandt and Schumann [1] . At the time of writing, the family Dermacoccaceae comprises 11 genera (www.bacterio.net/-classifphyla.html#dermacoccaceae) including the genus Calidifontibacter, which has a single species, Calidifontibacter indicus [2] . Isolates assigned to the family Dermacoccaceae are typically associated with terrestrial habitats, notably cured meat products, skin, soil and water [2] [3] [4] [5] [6] [7] [8] . The peptidoglycan structure of the genus Calidifontibacter is of the A4a pattern with the linkage Lys-Gly-Ser-Asp. DNA G+C contents are 73-77 mol%. The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannosides. The major fatty acids are iso-C 16 : 0 , anteiso-C 17 : 0 , iso-C 16 : 1 H and anteiso-C 17 : 1 !9c, and the predominant respiratory quinone is MK-8(H 4 ) [2] .
Members of the phylum Actinobacteria are the source of secondary metabolites. Various compounds acting as chelating agents, a messenger in sensory neurons, and having antiproliferative activity, radical scavenging activity and cytotoxic activity against leukaemia cell line K562 have been isolated from different species of the family Dermacoccaceae [9] . Strain R161
T exhibited antibacterial as well as enzyme inhibitory activities that may have applications in the manufacture of cosmetics [10] .
The present study was designed to establish the taxonomic status of an actinobacetrial strain, R161
T , a novel member of the genus Calidifontibacter, isolated from reclaimed grassland, located geographically in Hwaseong, South Korea (37 16¢ 10 † N 126 45¢ 43 † E), which was subjected to a polyphasic taxonomic characterization. The results obtained from phenotypic, genotypic and phylogenetic analyses indicated that strain R161
T represents a novel species of the genus Calidifontibacter in the family Dermacoccaceae.
Strain R161
T was isolated using a modified culture technique with 6-well polycarbonate transwell plates (Corning) as described previously [11] . After placing 3 g of soil into each transwell plate, 3 ml of R2A medium (MB Cell) was added to each transwell insert. Then, 100 µl of a soil suspension (1 g of soil in 9 ml of distilled water, thoroughly stirred and settled) was placed into the insert. The transwell plate was then incubated in a shaking incubator at 120 r.p.m. and 28 C for 2 weeks. After 2 weeks, the culture was serially diluted, and 100 µl of each dilution was spread on an R2A agar plate. Colonies were streaked individually on R2A plates until pure colonies were obtained, and the strains were stored at À70 C as suspensions in R2A broth supplemented with 20 % (v/v) glycerol [12] .
Genomic DNA was extracted from strain R161
T according to methods presented by Wilson [13] . The 16S rRNA gene was amplified by PCR using primers 27F and 1492R [14] , and the amplified gene was sequenced with an Applied Biosystems 3770XL DNA analyser using a BigDye Terminator cycle sequencing kit v. 3 .1 (Applied Biosystems). A nearly complete sequence was assembled with SeqMan software (DNASTAR). The nearly complete length of the 16S rRNA gene for strain R161
T was 1463 bp. The closest phylogenetic neighbours were identified using the EzTaxon-e database [15] . All the 16S rRNA gene sequences of the most closely related strains were retrieved from GenBank and subjected to multiple sequence alignment using CLUSTAL X 2.1 [16] . After multiple alignments, gaps at the 5¢ and 3¢ ends were completely deleted using the software package BioEdit [17] . Phylogenetic trees were reconstructed using MEGA6 [18] by three different methods: the neighbour-joining method [19] , the maximum-parsimony algorithm [20] and the maximum-likelihood algorithm [21] . During phylogenetic analysis, evolutionary distances were calculated using Kimura's two-parameter model [22] , and bootstrap values were calculated based on 1000 replications [23] T were selected for comparative analysis and were used as reference strains for biochemical tests and analyses of fatty acids, menaquinones and DNA-DNA hybridization. All of the reference strains were purchased from the Korean Agriculture Culture Collection (KACC) except for C. indicus, which was purchased from the Japan Collection of Micro-organisms (JCM).
The morphology of cells (Fig. S1 , available in the online Supplementary Material) grown on R2A agar for 3-4 days at 28 C was visualized by light microscopy (BX50 microscope; Olympus) and transmission electron microscopy (H-7650; Hitachi). Colony morphology was observed on R2A agar after incubation at 28 C for 5 days using a Zoom Stereo Microscope (SZ61; Olympus). Motility was assessed in R2A medium containing 0.4 % agar [24] . Gram staining was performed according to the procedure described by Doetsch [25] . Catalase activity was determined by the production of bubbles with 3 % (v/v) hydrogen peroxide (H 2 O 2 ). Oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine. Growth C) was determined on TSA plates. The pH range for growth was determined by cultivation at 28 C in R2A broth adjusted to pH 4-12 (at 0.5 pH unit intervals) prior to sterilization using citrate/NaH 2 PO 4 buffer (for pH 4.0-5.5), phosphate buffer (for pH 6.0-7.5), Tris buffer (for pH 8-10) [26] or 5 M NaOH (for pH 10.5-12.0). Growth in NaCl was examined by cultivation in R2A broth containing 0-10 % NaCl (w/v, at 1 % intervals). Hydrolysis of Tween 80, Tween 60 and Tween 40 was assessed according to the method of Smibert and Krieg [27] . Anaerobic growth was assessed by cultivation on TSA agar at 28 C for 10 days in a BBL (Becton Dickinson) anaerobic jar with a GasPak EZ Gas Generating Container (Becton Dickinson). Hydrolysis of chitin, carboxymethyl cellulose, hypoxanthine, xanthine, tyrosine, starch and casein was evaluated as described previously [28] . Production of hydrogen sulphide was assessed using sulphide indole motility medium (SIM; Oxoid) [29] . The methyl red and Voges-Proskauer (MR-VP) test was conducted with MR-VP broth [30] . A DNase assay was performed using DNase agar (Oxoid). Endospore formation was evaluated by staining with malachite green [31] . Growth on sole carbon sources (1 %, w/v) was determined according to the procedure described by Williams et al. [32] . Biochemical tests and enzyme activities were tested using API 20NE and API ZYM kits (bioM erieux) according to the manufacturer's instructions. The phenotypic features of strain R161
T are presented in the species description, and characteristics which differentiate strain R161 T phenotypically from other reference strains are presented in Table 1 .
For the fatty acid analysis, biomass was harvested from strain R161
T and the four reference strains after growth for 2 days on TSA plates with incubation at 28 C. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.0B). The fatty acids were analysed with a gas chromatograph (HP 6890 series GC System; Hewlett Packard) and identified using the TSBA6 database of the Microbial Identification System [33] . The major fatty acids of strain R161
T and C. indicus JCM 16038 T were iso-C 16 : 0 , iso-C 16 : 1 H, anteiso-C 17 : 0 and anteiso-C 17 : 1 !9c whereas the major fatty acids of the genus Yimella were iso-C 15 : 0 , anteiso-C 15 : 0 , summed feature 9 and anteiso-C 17 : 0 . This result accommodates strain R161
T in the genus Calidifontibacter rather in the genus Yimella. Presence of the minor fatty acids C 14 : 1 !5c, anteiso-C 13 : 0 and cyclo-C 17 : 0 only in strain R161
T and proportions of other major fatty acids differentiate strain R161
T from the other type strains ( Table 2) .
The respiratory quinones and polar lipids were analysed from freeze-dried cells as described by Minnikin et al. [34] . Isoprenoid quinones were extracted with methanol/water (10 : 1, v/v; water containing 0.3 % sodium chloride) [35] and petroleum ether at 60-80 C, evaporated under a vacuum, re-extracted with acetone and analysed by HPLC [34, 36] . The major isoprenoid quinone was MK-8(H 4 ). The polar lipids were analysed by two-dimensional TLC using chloroform/methanol/ water (65 : 25 : 4; by vol.) in the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 2, by vol.) in the second. Appropriate detection reagents [34, 37] were used to identify the spots: molybdophosphoric acid (phosphomolybdic acid reagent, 5 %, v/v, solution in ethanol; Sigma-Aldrich) was used to detect total polar lipids; ninhydrin reagent (0.2 % solution; Sigma Life Science) was used to detect amino lipids; Zinzadze reagent (molybdenum blue spray reagent, 1.3 %; Sigma Life Sciences) was used to detect phospholipids; and anaphthol reagent was used to detect glycolipids. The major polar lipids of strain R161
T were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannosides; in addition, two unknown aminophospholipids, two unknown phospholipids, and four unknown polar lipids were also detected (Fig. S2) .
The cell-wall peptidoglycan structure of strain R161
T was determined by using established procedures [38] [39] [40] and found to have a similar pattern to that of C. indicus JCM 16038 T , from which it was concluded that the peptidoglycan structure was of type A4a with the linkage Lys-Gly-Ser-
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Tamlicoccus marinus MSW-24 T (HE792770)
Demetria terragena DSM 11295 T (AQXW01000002)
Branchiibius cervicis PAGU 1247 T (AB594446)
Branchiibius hedensis Mer 29717 T (AB520822)
Luteipulveratus mongoliensis MN07-A0370 T (AB468971)
Rudaeicoccus suwonensis HOR6-4 T (GQ241687)
Calidifontibacter terrae R161 T (KU881047)
Calidifontibacter indicus PC IW02 T (EF187228)
Yimella radicis py1292 T (KU517232)
Yimella lutea YIM 45900 T (FJ528304)
Dermacoccus nishinomiyaensis DSM 20448 T (X87757)
Dermacoccus abyssi MT1.1 T (AY894323)
Dermacoccus profundi MT2.2 T (AY894329)
Dermacoccus barathri MT2.1 T (AY894328)
Dermatophilus congolensis ATCC 14637 T (L40615)
Piscicoccus intestinalis Ngc37-23 T (AB550799)
Kineosphaera limosa NBRC 100340 T (BAHD01000131)
Mobilicoccus pelagius NBRC 104925 T (BAFE01000004)
Austwickia chelonae NBRC 105200 T (BAGZ01000028)
Arsenicicoccus piscis Kis4-19 T (AB521998)
Arsenicicoccus bolidensis CCUG 47306 T (AJ558133)
Ornithinimicrobium murale 01-Gi-040 T (FR874098)
Intrasporangium chromatireducens Q5-1 T (AWQS01000147)
Kribbia dieselivorans N113 T (DQ372707)
Janibacter cremeus HR08-44 T (AB778259)
Pseudonocardia kujensis A4038 T (JN989287) Asp. Cell-wall amino acids and whole-cell sugars were extracted from dry cells and analysed as described by Lechevalier and Lechevalier [41, 42] and Staneck and Roberts [43] . The whole-cell sugars were galactose, rhamnose, glucose and ribose (Fig. S3) . The cell-wall peptidoglycan contained alanine, glycine, serine, aspartic acid, glutamic acid and lysine. Diamino acid was not present (Fig. S4) . The peptidoglycan structure and whole-cell sugars of strain R161
T were found to be consistent with its assignment to the family Dermacoccaceae.
The DNA G+C content was determined according to the procedure described by Mesbah et al. [44] . The DNA G+C content of strain R161
T was 73.9 mol%. DNA-DNA relatedness was determined with five replications using the fluorometric micro-well method [45] . All the assays were carried out in triplicate. DNA-DNA relatedness of strain R161 T with C. indicus JCM 16038
T a showed DNA similarity of 52.1±1.4 % (reciprocal, 54.6±2.3 %). These values were significantly lower than the threshold value of 70 %, which clearly demonstrated that strain R161 T differs genetically from C. indicus at the species level [46, 47] .
On the basis of the genotypic, phenotypic (Table 1) , chemotaxonomic and phylogenetic data presented above, we consider that strain R161
T represents a novel species of the genus Calidifontibacter, for which the name Calidifontibacter terrae sp. nov. is proposed.
DESCRIPTION OF CALIDIFONTIBACTER TERRAE SP. NOV.
Calidifontibacter terrae sp. nov. (ter¢rae. L. gen. n. terrae of soil, referring to the isolation source of the type strain).
Cells are coccoid and are Gram stain-positive, non-motile, aerobic and non-spore-forming. They grow well on R2A, 
Acid production from: After incubation on R2A agar for 5 days at 28 C, the size of the colonies is 1-2 mm in diameter. Cells grow at 10-37 C (optimum temperature, 20-32 C) and pH 5.5-9.5 (optimum pH, 7.0-8.5). Cells grow optimally in the absence of NaCl, but tolerate up to 4 % NaCl. Catalase-and oxidasepositive. Hydrogen sulphide is not produced from culture in SIM medium. Casein is hydrolysed but tyrosine, xanthine, hypoxanthine, starch, chitin and carboxymethyl cellulose are not. DNase assays using DNase test agar are negative. 
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